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Data collection 

Oxford Diffraction Xcalibur 

diffractometer with Eos detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Oxford 
Diffraction, 2009) 
7mi„ = 0.743, r max = 0.803 



Refinement 

R[F 2 > 2a(F 2 )] = 0.031 

wR(F 2 ) = 0.068 

S = 1.05 

4293 reflections 

324 parameters 



10373 measured reflections 
4293 independent reflections 
3414 reflections with / > 2a(l) 
Ri„, = 0.028 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.38 e A~ 3 

Ap mi „ = -0.29 e A~ 3 



Key indicators: single-crystal X-ray study; T = 293 K; mean cr(C-C) = 0.004 A; 
R factor = 0.031 ; wR factor = 0.068; data-to-parameter ratio = 13.2. 

In the crystal structure of the title compound, 
(C 12 H 9 N2)2[ZnCl4] H 2 0, the two independent 1,10-phenan- 
throlinium cations are bridged by the water molecule and the 
tetrahedral tetrachloridozincate anion via N— H - • O, O — 
H- ■ -CI and N— H- ■ -CI hydrogen bonds, forming chains along 
[100]. The chains are linked via C— H- ■ CI hydrogen bonds 
and a number of 7T-7T interactions [centroid-centroid distances 
vary from 3.5594 (14) to 3.7057 (13) A], forming a three- 
dimensional network. In each 1,10-phenanthrolinium cation, 
there is a short N— H- ■ -N interaction. 

Related literature 

For an example of the crystal structure of a hybrid compound 
combining an organic cation and the tetrachloridozincate 
anion, see: Dong & Liu (2012). For details of the Cambridge 
Structural Database, see: Allen (2002). 




Experimental 

Crystal data 

(C 12 H 9 N 2 ) 2 [ZnCl 4 ] H 2 0 Monoclinic, P2, /a 

M r = 587.61 a = 14.6046 (5) A 



Table 1 



Hydrogen-bond j 


;eometry (A, °). 








D-H ■ A 


D-H 


H-v4 


D-A 


D-H-A 


Nl-Hl-Ol 1 


0.74 (3) 


2.01 (3) 


2.711 (4) 


158 (2) 


Ol-HM-CU 


0.80 (4) 


2.44 (4) 


3.231 (3) 


172 (3) 


01-H1B-C12" 


0.73 (3) 


2.82 (4) 


3.317 (3) 


128 (4) 


N15-H15- ■ 03 


0.83 (3) 


2.50 (2) 


3.225 (2) 


146 (2) 


C3-H3- ■ C12 ui 


0.93 


2.80 


3.728 (3) 


172 


C24-H24- ■ C12 iv 


0.93 


2.74 


3.629 (3) 


160 


N1-H1---N12 


0.74 (3) 


2.42 (2) 


2.737 (3) 


107 (2) 


N15-H15---N26 


0.83 (3) 


2.41 (2) 


2.731 (3) 


104 (2) 


Symmetry codes: (i) 


x + 1, — y + 1, z: (ii) 


■v — |, — y + 1, z; 


(iii) -x, -y - 


h2, -z + 1; (iv) 


-x + i, y - i, -z+2. 









Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell 
refinement: CrysAlis CCD; data reduction: CrysAlis RED (Oxford 
Diffraction, 2009); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows 
(Farrugia, 2012); software used to prepare material for publication: 
SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009). 

EG and KA thank the CSIR, New Delhi (Lr: No. 01 (2570)/ 
12/EMR-II/3.4.2012) for financial support through a major 
research project. The authors also thank the Department of 
Chemistry, Pondicherry University, for the single-crystal XRD 
instrumentation facility. 



Supporting information for this paper is available from the IUCr 
electronic archives (Reference: SU2681). 
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Bis(1,10-phenanthrolin-1-ium) tetrachloridozincate monohydrate 

E. Govindan, Subramani Thirumurugan, Ayyakannu Sundaram Ganeshraja, Krishnamoorthy 
Anbalagan and A. SubbiahPandi 

1 . Comment 

As part of an ongoing investigation of the structures of and non-covalent interactions present in self-assembling organic 
and inorganic hybrid materials prepared by the combination of an organic cation and the tetrachloridozincate anion we 
synthesized the title compound. There are only a small number of structures of materials containing bis(l,10- 
phenanthrolinium) cations and perhalometallate anions in the Cambridge Structural Database (CSD; V5.35, last update 
Nov. 2013; Allen, 2002), and none of them involve the tetrachloridozincate anion. 

The molecule structure of the title compound is shown in Fig. 1. The asymmetric unit contains one inorganic 
tetrachloridozincate anion and two 1,10-phenanthrolinium organic cations. The compound crystallized as a monohydrate. 
The tetrachlorozincate anion has a perfect tetrahedral coordination environment. The bond lengths Zn — CI [2.556 (7) - 
2.3085 (7) A] and C— N [1.320 (3) - 1.362 (3) A] are comparable with the values reported for Bis(10-methoxy- 
benzo[/!]quinolinium) tetrachloridozinc [Dong & Liu, 2012]. The sum of the bond angles around atoms Nl and N15 
(360°) in the 1,10-phenanthrolinium cations indicates sp 1 hybridization states. The two 1,10-phenanthrolinium ring 
systems (N1/N12/C2-C11/C13/C14) and (N15/N26/C16-C25/C27/C28) are planar with r.m.s values of 0.029 (3) and 
0.022 (2) A, respectively. In each 1,10-phenanthrolinium cation there is a short N-H--N interaction (Table 1). 

In the crystal, the two independent 1,10-phenanthrolinium cations are bridged by the water molecule and the 
tetrachloridozinc anion via N-H - O, O-H - Cl and N-H - Cl hydrogen bonds (Table 1 and Fig. 2) forming chains along 
[100]. The chains are linked via C-H-Cl hydrogen bonds (Table 1) and a number of n-n interactions forming a three- 
dimensional network. 

The centroid-centroid distances are 3.5594 (14) A for Cgl---Cg2' [Cgl and Cg2 and the centroids of rings N1/C2- 
C5/C14 andN12/C8-Cll/C13, respectively; symmetry code: (i) = -x, -y+2, -z+1 ], 3.6501 (15) A for Cgl-Cg3 i [Cg3 is 
the centroid of ring C5-C8/C13/C14] and 3.7057 (13) A for Cg8-Cg9" [Cg8 and Cg9 are the centroids of rings N26/C22- 
C25/C27 and C19-C22/C27/C28, respectively; symmetry code: (ii) -x, -y, -z+2]. 

2. Experimental 

Zinc chloride (136 mg, 1 mmol) was dissolved in 10 mL of water. To this 1 , 1 0-phenanthroline (396 mg, 2 mmol) in 20 ml 
of an EtOH/HCl mixture (1:9 vlv) was added drop wise. The mixture was heated to 323 K for 2-3 hrs and then allowed to 
stand. On slow evaporation colourless crystals separated out. They were filtered off and recrystallized using acidified 
water. 

3. Refinement 

The NH and water H atoms were located in a difference Fourier map and freely refined. The C bound H atoms were 
positioned geometrically and allowed to ride on their parent atoms: C-H = 0.93 A with £/i S0 (H) = 1.2f/ eq (C). 
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Computing details 

Data collection: CtysAlis CCD (Oxford Diffraction, 2009); cell refinement: CrysAlis CCD (Oxford Diffraction, 2009); 
data reduction: CrysAlis RED (Oxford Diffraction, 2009); program(s) used to solve structure: SHELXS97 (Sheldrick, 

2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows 
(Farrugia, 2012); software used to prepare material for publication: SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 

2009) . 




Figure 1 

The molecular structure of the title compound, with the atom labelling. Displacement ellipsoids are drawn at 30% 
probability level. 



Acta Cryst. (2014). E70, m53 



sup-2 



supplementary materials 




Figure 2 

A view along the b-axis of the crystal packing of the title compound. Hydrogen bonds are shown as dashed lines (see 
Table 1 for details). 

Bis(1,10-phenanthrolin-1-ium) tetrachloridozincate monohydrate 



Crystal data 

(C I2 H,N 2 ) 2 [ZnCl 4 ]H 2 0 
M r = 587.61 
Monoclinic, P2\la 
Hall symbol: -P 2yab 
a = 14.6046 (5) A 
6= 10.8008 (3) A 
c= 16.3151 (6) A 
P= 107.390 (4)° 
V= 2455.93 (14) A 3 
Z = 4 



F(000)= 1192 

D x = 1.589 Mgm 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 3414 reflections 

(9 = 3.8-25.0° 

ju = 1.46 mirT 1 

T=293 K 

Block, colourless 

0.21 x 0.18 x 0.15 mm 
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Data collection 

Oxford Diffraction Xcalibur 

diffractometer with Eos detector 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co and <p scans 

Absorption correction: multi-scan 

(CrysAlis PRO; Oxford Diffraction, 2009) 
T mm = 0.743, T max = 0.803 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F 2 > laiF 1 )] =0.031 

wRiF 1 ) = 0.068 

S = 1.05 

4293 reflections 

324 parameters 

0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



10373 measured reflections 
4293 independent reflections 
3414 reflections with / > 2a(I) 
R mt = 0.028 

$max = 25.0°, 6 m i n = 3.8° 

h = -17— >17 
/fc = -ll->12 
/ = -19— 19 



Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = ll[a\F a 2 ) + (0.0278P) 2 + 0.2557P] 

where P = (F 0 2 + 2F 2 )/3 
(A/ C 7) max < 0.001 
Ap max = 0.38eA- 3 
Ap mm = -0.29eA- 3 

Extinction correction: SHELXL97 (Sheldrick, 

2008), Fc*=kFc [ 1 +0.00 1 xFc 2 l 3 /sin(26>)]- 1/4 
Extinction coefficient: 0.0165 (5) 



Special details 

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are 
estimated from the variances of the (full) variance-covariance matrix. The cell esds are taken into account in the 
estimation of distances, angles and torsion angles 

Refinement. Refinement of F 1 against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Nl 


0.05391 (18) 


1.17583 (19) 


0.56437 (14) 


0.0382 (8) 


N12 


0.13002 (14) 


0.97933 (17) 


0.66837 (13) 


0.0364 (7) 


C2 


0.0227 (2) 


1.2729(2) 


0.51338 (17) 


0.0498 (10) 


C3 


-0.0746 (2) 


1.2890 (3) 


0.47489(18) 


0.0574 (10) 


C4 


-0.1379 (2) 


1.2056(3) 


0.49016 (18) 


0.0533 (11) 


C5 


-0.10528 (18) 


1.1038 (2) 


0.54406 (16) 


0.0401 (9) 


C6 


-0.16693 (19) 


1.0148 (3) 


0.56456 (18) 


0.0497 (10) 


C7 


-0.13202 (18) 


0.9219 (3) 


0.61895 (18) 


0.0475 (10) 


C8 


-0.03095 (17) 


0.9048 (2) 


0.65657 (15) 


0.0354 (8) 


C9 


0.0097 (2) 


0.8067 (2) 


0.71173 (17) 


0.0437 (9) 


C10 


0.1068 (2) 


0.7959 (2) 


0.74208 (18) 


0.0469 (10) 


Cll 


0.16361 (19) 


0.8837 (2) 


0.71874 (16) 


0.0427 (9) 


C13 


0.03328 (16) 


0.9889 (2) 


0.63748 (14) 


0.0293 (7) 


C14 


-0.00593 (17) 


1.0909 (2) 


0.58142(14) 


0.0306 (8) 


N15 


-0.07856 (15) 


0.34171 (18) 


0.92218 (13) 


0.0339 (7) 


N26 


0.08664 (14) 


0.25794(18) 


1.03725 (13) 


0.0378 (7) 



Acta Cryst. (2014). E70, m53 



sup-4 



supplementary materials 



C16 


—0.15449 (18) 


A 'J O C A /'~)\ 

0.3854 (2) 


A O/d A 1 / 1 T\ 

0.86201 (1 /) 


A f\A 1 A /A\ 

0.0424 (9) 




CI / 


—0.24346 (18) 


A 1 1 1 A /I \ 

0.3314 (3) 


A O A OTA / 1 T\ 

0.848 /0 (1 /) 


A (\A£.f\ /A^ 

0.0460 (9) 




C18 


A TfOAl / 1 T\ 

-0.25201 (1 /) 


0.2333 (2) 


A OAAA*7 /1 T\ 

0.8990/ (1 /) 


A A/1 1 O /A\ 

0.0428 (9) 




fin 

C19 


—0.1 /I /4 (16) 


0.1862 (2) 


A A/i 1 OO /1 C\ 

0.96188 (15) 


0.0339 (8) 




C20 


A 1 T /I AC / 1 0\ 

—0.1 /495 (18) 


A AO 1 T /Tv 

0.081 / (2) 


1 A 1 C 1 1 (W T\ 

1.01531 (1 /) 


A A/1 1 1 /A^ 

0.0411 (9) 




C21 


a nncn c\ o\ 
"0.0952 / (IS) 


A A1 AO 

0.0398 (2) 


1.0/310 (16) 


A A/1 AT /A\ 

0.040/ (9) 




C22 


A AAl lO /I T\ 

—0.00318 (1 /) 


0.096 / (2) 


1.08369 (15) 


A Ain /o\ 
0.032 / (8) 




C23 


A A01/"1 /I A\ 

0.08261 (19) 


A AC A A 

0.0549 (2) 


1 1 /1 1 CT / 1 £\ 

1.14257 (16) 


A A A 1 T /A\ 

0.0417 (9) 




C24 


A 1 /:z;a') / 1 A\ 

o.iooOz (19) 


A 1 1 'JA /1\ 

0.1 130 (2) 


11/1 /1 T\ 

1.14/23 (1 /) 


A A/1 T1 /A\ 

0.04/3 (9) 




C25 


A 1 £L A C £L / 1 0\ 

0.16456 (18) 


0.2136 (3) 


1 AA1 A T / 1 OA 

1.09347 (18) 


A A A T A /A\ 

0.0470 (9) 




C27 


a aa*> a a / 1 £\ 

0.00304 (16) 


a 1 no/: /o\ 

0.1986 (2) 


1.03291 (15) 


A A1A1 /"7\ 

0.0291 (7) 




C28 


— 0. 0827 J (16) 


0.2437 (2) 


A AT 1 O'? /1 f \ 

0.97183 (15) 


A AOOT /T\ 

0.0287 (7) 




Zni 


0.025 15 (2) 


0.4J561 (Zj 


U. /3 / 19 (Z) 


A ATI/I / 1 \ 

U.0jz4 (1) 




Cll 


A 1 1 A 1 O /C\ 

—0.11018 (5) 


0.52315 (6) 


0.64898 (5) 


0.0584 (3) 




C12 


A 1 f / A \ 

0.15128 (4) 


0.45542 (6) 


0.68453 (4) 


A A /I A C /I \ 

0.0445 (2) 




Cl3 


0.06504 (5) 


A CT 1 T A /f \ 

0.53130 (5) 


A OZ"A/"A / /I \ 

0.86969 (4) 


A A A 1 A /O \ 

0.0429 (2) 




Cl4 


-0.00552 (5) 


A T> /1 1A /C\ 

0.23479 (5) 


A H £f\H C { A\ 

0.76075 (4) 


a A/in /i\ 

0.0433 (2) 




Ol 


A 1 O C O /1 T\ 

-0.25358 (17) 


0.2883 (3) 


A / 1 /" ~7 A /1A\ 

0.61679 (19) 


A A /" A A / A\ 

0.0609 (9) 




T T 1 

Hi 


A 1A/'/1 / 1 0\ 

0.1064 (18) 


1.169 (2) 


A cod /i n\ 

0.5852 (17) 


A A") ") /O \ sk 

0.033 (8)* 




T T1 

Hz 


0.06620 


1 T1ATA 

1.32970 


A C A ") "7 A 

0.50370 


A A^AAsk 

0.0600* 




t n 

H3 


A AA/^AA 

-0.09690 


1.35620 


a noon 

0.43880 


a n^nn* 

0.0690* 




T T /I 

H4 


A OA") /I A 

-0.20340 


1 11 /"/"A 

1.21660 


A /I f A C A 

0.46450 


A A/" A A± 

0.0640* 




Ho 


—0.23290 


1 AO 1 A A 

1.02140 


A CI AC A 

0.53950 


A A/^AA* 
0.0600^ 




T TT 

H7 


A 1 UTA 

-0.17430 


A O /^T 1 A 

0.86710 


A /"I OTA 

0.63270 


A ACTA* 

0.0570* 




t in 

H9 


A AT A C A 

0.0295 0 


0.74930 


A TOT /I A 

0.72740 


A AO A* 

0.0530* 




TT1 A 

H10 


A 1 O A 1A 

0.13470 


A m A /" A 

0.73060 


A TTOAA 

0.77800 


A A C /" A sfc 

0.0560* 




T T 1 1 

Hll 


A 11AOA 

0.22980 


A OT/I/'A 

0.87460 


A T yl AAA 

0.74000 


A A C 1 A sfc 

0.0510* 




TT1 f 

H15 


a Anrt / 1 o\ 

-0.0270 (18) 


A T TA /I \ 

0.379 (2) 


A AOA/' / 1 /'X 

0.9296 (16) 


A A/IA /0\rfs 

0.040 (8)* 




TT1 £ 

H16 


A 1 /I 7HA 

0. 147/0 


A A COIA 

0.45270 


A OOOTA 

0.82870 


A AC 1 A A 

0.0510* 




H17 


A 1A/"TA 

-0.29670 


0.36120 


A O A /" O A 

0.80630 


A A C C A 

0.0550* 




H18 


A 1 1 1 AA 

-0.31190 


A 1 AT C A 

0.19750 


A O A 1 C A 

0.89150 


A A C 1 A ik 

0.0510* 




TJ1A 

HzO 




n A/i oca 

0.04z50 


1 AAATA 
1.009 /U 


A A/1 AA* 




nz i 


—0 AQQ4A 

U.U774U 


—A A977A 
u.uz / / w 


1 1A79A 

1.1U/ zu 


A A40A* 




H23 


0.08200 


-0.01220 


1.17810 


0.0500* 




H24 


0.22340 


0.08620 


1.18570 


0.0570* 




H25 


0.22260 


0.25230 


1.09750 


0.0560* 




H1A 


-0.217 (3) 


0.344 (3) 


0.620 (2) 


0.083 (15)* 




H1B 


-0.239 (3) 


0.241 (3) 


0.650 (2) 


0.079 (16)* 




Atomic displacement parameters (A 2 ) 




Tjn jjn 


U 33 




U 13 


IP 


Nl 


0.0427 (15) 0.0374 (13) 


0.0337 (13) 


0.0058 (11) 


0.0103 (11) 


0.0005 (10) 


N12 


0.0342 (11) 0.0336 (11) 


0.0368 (12) 


0.0014 (9) 


0.0034 (9) 


-0.0013 (9) 


C2 


0.081 (2) 0.0349 (15) 


0.0369 (17) 


0.0056 (14) 


0.0228 (15) 


0.0018 (12) 


C3 


0.087 (2) 0.0461 (17) 


0.0368 (17) 


0.0339 (17) 


0.0149(16) 


0.0047 (13) 


C4 


0.0546 (18) 0.066 (2) 


0.0358 (17) 


0.0293 (16) 


0.0081 (14) 


-0.0022 (14) 


C5 


0.0395 (15) 0.0489 (15) 


0.0312(15) 


0.0145 (12) 


0.0096 (12) 


-0.0083 (12) 


C6 


0.0301 (14) 0.0680(19) 


0.0472 (18) 


0.0052 (14) 


0.0058 (13) 


-0.0136(15) 


C7 


0.0374 (15) 0.0549 (17) 


0.0524(18) 


-0.0112(13) 


0.0168(13) 


-0.0128 (14) 
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Co 


A AOAiC 

0.03V6 


(A A A 

(14) 


A AO /IT 

0.056/ 


(A OA 

(13) 


A AOAA 

0.02^y 


(A A A 

(14) 


A AA/1 A ( 1 1 A 

—0.004V (11) 


0.0105 


(11) 


A A 1 AO { 1 1 A 

—0.0108 (11) 


cy 


A fit OO 

0.0582 


(a oa 

(18) 


A A1 /I O 

0.0342 


(A A\ 

(14) 


A A/1 AC 

0.0403 


(A £\ 

(16) 


AAIOO /10A 

—0.0133 (13) 


0.0173 


(14) 


A AACO" /1 OA 

—0.003 / (12) 


CIO 


A A/TAA 

0.0600 


/"1 A\ 

(19) 


A AO O A 

0.0550 


/'I /1A 

(14) 


A A A AO 

0.0402 


(A £\ 

(16) 


A AAAA (A OA 
0.0000 (13) 


0.0036 


(14) 


A AAOO /1 OA 

0.0023 (12) 


Cll 


a A/i m 
0.040/ 


(A CA 

(15) 


A AOO/1 

0.03V4 


M A\ 

(14) 


A AO OO 

0.038a 


(A £.\ 

(16) 


A AAO A /1 OA 

0.0024 (12) 


-0.0019(12) 


A AA1 O i \ OA 

—0.0012 (12) 


pi i 

CI j 


A AO 0 ^ 

0.03Z3 


(A OA 

(13) 


A AOO 1 

O.OZy 1 


/1 0\ 

(12) 


A AO A O 

0.0248 


(A 1\ 

(13) 


A A A 11 /1 AA 

0.0011 (10) 


A 00^9 




A AATO /I A\ 
—0.00 /V (10) 


C14 


A AO C C 

0.0365 


M OA 

(13) 


A AO 1 H 
0.051 / 


(A OA 

(13) 


A AO A A 

0.0241 


(13) 


A AAO A / 1 1 A 

0.0034 (11) 


A AAAA 
U.UUW 


n 1 "i 
I 11 ) 


A AAjCC /1 AA 

—0.0063 (10) 


JN15 


0.0305 


(A 0\ 

(12) 


A AOO" A 
0.05 /4 


f1 OA 

(12) 


A AO ^O 

0.0362 


(A OA 

(13) 


A A A 1 A ( \ AA 
0.0010 (10) 


U.UIjo 


(10) 


A AAO ^ /1 AA 

0.0036 (10) 


Nz6 


A A'J 1 A 

0.03 \y 


/■I 1 A 

(H) 


A A/1 CI 

0.0453 


(\ oa 

(12) 


A A1 C C 

0.03 55 


(13) 


A AA/1 A (C\\ 

—0.0040 \y) 


A AAAA 


( y ) 


A AAC 1 ( 1 AA 

0.0033 (10) 


C16 


0.0423 


(A ^.a 
(15) 


A A/1 O 1 

0.0481 


(15) 


A aoo/; 
0.03VO 


(A /£\ 

(16) 


A A10A /10\ 

0.0136 (13) 


W.U 1 OH- 




A A 1 0 A (A OA 

0.0134 (12) 


CI / 


a ao o 
0.0326 


(A CA 

(15) 


A C\£. A O 

0.0642 


(A OA 

(18) 


A AO OO 

0.0382 


(16) 


A A1 OA /1 OA 

0.012V (13) 


A AA-nQ 


( 1 9^ 

(Iz) 


A AAO A / 1 A A 

0.003V (14) 


Clo 


A AO OO 

0.0282 


/■I OA 

(13) 


A Af f O 

0.0335 


(A n\ 

(17) 


A A/l O *7 

0.043 / 


(17) 


A AAAA /1 OA 
— 0.000V (12) 


A AAAO 
U.UUVo 


(1Z) 


A AACO (A OA 

—0.0038 (13) 


pin 

ciy 


A AO OA 

0.0320 


M OA 

(13) 


A AOO"A 

0.03 fy 


M OA 

(13) 


A AO A A 

0.0340 


(A ca 

(15) 


A AAO 1 /1 1 A 

—0.0021 (11) 


A A111 

U.Ol j 1 


( u ) 


A AACO / 1 1 A 

—0.0033 (11) 


CzO 


A A1 OO 

0.0582 


(A C\ 

(15) 


A A/l C/1 

0.0434 


(A Z\ 

(15) 


A A/l 0 ^ 

0.0433 


(A fc\ 

(16) 


A A 1 O ^ /I 0\. 

—0.0123 (12) 


0.0180 


(13) 


A AA/1 A /1 0\ 

—0.0040 (13) 


Czl 


A A A OO 

0.0482 


/■I £A 

(16) 


A AOO"T 

0.03 / / 


/■ 1 A A 

(14) 


A A A A A 
0.0404 


(A £\ 

(16) 


A AAOO /1 OA 

—0.0082 (12) 


0.0195 


(13) 


A AAl 1 OA 

0.0033 (12) 


Czz 


A AO on 

o.o58y 


M /I A 

(14) 


A AO O O 

0.0338 


/■1 OA 

(13) 


A AOO*T 

0.02 / / 


(\ OA 

(13) 


A A A AO /1 1 A 

0.0002 (11) 


0.0137 


(11) 


A AAAO ( 1 1 A 

—0.0008 (11) 


C23 


A AC OA 

0.0520 


(A T"A 

(17) 


A A A O A 

0.0420 


(15) 


A AO 1 £ 

0.0316 


(15) 


A A A A C / 1 O A 

0.0045 (13) 


0.0133 


(12) 


A C\(\£LH /10A 

0.0067 (12) 


Cz4 


A A*5 OO 

O.OJos 


/■I CA 

(15) 


A ACA/1 

0.05V4 


(A H\ 

(17) 


A AOTO 

0.03 15 


(16) 


A AAC/I /1 OA 

0.0036 (13) 


0.0015 


(12) 


AA1A1 /1/1A 

0.0101 (14) 


C25 


A AO AC 

0.0305 


{ A A\ 

(14) 


a az:o c 

0.0625 


(18) 


A C\A A A 

0.0444 


/ 1 TA 

(17) 


A AACO / 1 1 A 
0.005 / (13) 


0.0057 


(12) 


A AACO / 1 A A 

0.0052 (14) 


C27 


A AO AO 

0.0302 


oa 

(12) 


A AO O 1 

0.0321 


(13) 


A AO £ A 

0.0264 


/ 1 O A 

(13) 


A A A 1 A /I AA 

—0.0010 (10) 


0.0106 


(10) 


A AA1A /1 AA 

—0.0030 (10) 


C28 


A AO O £L 

0.0336 


/ 1 O A 

(13) 


A AO O C 

0.0285 


/ 1 O A 

(12) 


A AO 

0.0267 


t W OA 

(13) 


A AAAO / 1 AA 

-0.0002 (10) 


0.0132 


(10) 


A AAO C / 1 AA 

-0.0025 (10) 


7n1 






\J.\JJ 1 o 




0.0336 


(2) 




0.0091 


(1) 




Cll 


0.0373 


(4) 


0.0486 


(4) 


0.0735 


(5) 


-0.0010(3) 


-0.0074 (3) 


0.0052 (4) 


C12 


0.0409 


(4) 


0.0505 


(4) 


0.0470 


(4) 


-0.0073 (3) 


0.0208 


(3) 


-0.0059 (3) 


C13 


0.0575 


(4) 


0.0369 


(3) 


0.0369 


(4) 


-0.0085 (3) 


0.0182 


(3) 


-0.0086 (3) 


C14 


0.0575 


(4) 


0.0299 


(3) 


0.0460 


(4) 


-0.0072 (3) 


0.0210 


(3) 


-0.0050 (3) 


01 


0.0530 


(14) 


0.0493 


(14) 


0.083 (2) 


0.0033 (13) 


0.0242 


(13) 


0.0021 (14) 



Geometric parameters (A, ") 


Znl— C14 


2.2728 (6) 


C2— H2 


0.9300 


Znl— Cll 


2.2798 (8) 


C3— H3 


0.9300 


Znl— C12 


2.2556 (7) 


C4— H4 


0.9300 


Znl— C13 


2.3085 (7) 


C6— H6 


0.9300 


01— HI A 


0.80 (4) 


C7— H7 


0.9300 


01— H1B 


0.73 (3) 


C9— H9 


0.9300 


Nl— C2 


1.331 (3) 


C10— H10 


0.9300 


Nl— C14 


1.352 (3) 


Cll— HI 1 


0.9300 


N12— C13 


1.355 (3) 


C16— C17 


1.381 (4) 


N12— Cll 


1.320 (3) 


C17— C18 


1.369 (4) 


Nl— HI 


0.74 (3) 


C18— C19 


1.402 (3) 


N15— C28 


1.345 (3) 


CI 9— C20 


1.435 (3) 


N15— C16 


1.329 (3) 


CI 9— C28 


1.406 (3) 


N26— C25 


1.320 (4) 


C20— C21 


1.339 (4) 


N26— C27 


1.362 (3) 


C21— C22 


1.441 (4) 


N15— H15 


0.83 (3) 


C22— C27 


1.397 (3) 


C2— C3 


1.382 (4) 


C22— C23 


1.406(4) 


C3— C4 


1.366 (4) 


C23— C24 


1.352 (4) 


C4— C5 


1.400 (4) 


C24— C25 


1.393 (4) 


C5— C6 


1.424 (4) 


C27— C28 


1.433 (3) 


C5— C14 


1.403 (4) 


C16— H16 


0.9300 
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C6— C7 
C7— C8 
C8— C13 
C8— C9 
C9— CIO 
CIO— Cll 
C13— C14 

C13— Znl— C14 
Cll— Znl— C14 
Cll— Znl— C12 
Cll— Znl— C13 
C12— Znl— C13 
C12— Znl— C14 
H1A— 01— H1B 
C2— Nl— C14 
Cll— N12— C13 
C14— Nl— HI 
C2— Nl— HI 
CI 6— N15— C28 
C25— N26— C27 
C28— N15— H15 
C16— N15— H15 
Nl— C2— C3 
C2— C3— C4 
C3— C4— C5 
C4— C5— C14 
C4— C5— C6 
C6— C5— C14 
C5— C6— C7 
C6— C7— C8 
C9— C8— C13 
C7— C8— C13 
C7— C8— C9 
C8— C9— CIO 
C9— CIO— Cll 
N12— Cll— CIO 
C8— C13— C14 
N12— C13— C14 
N12— CI 3— C8 
Nl— CI 4— C5 
Nl— C14— C13 
C5— CI 4— C13 
Nl— C2— H2 
C3— C2— H2 
C4— C3— H3 
C2— C3— H3 
C3— C4— H4 
C5— C4— H4 



1.336 (4) 
1.431 (4) 
1.406 (3) 
1.402 (3) 
1.360 (4) 
1.386 (4) 
1.437 (3) 

105.98 (2) 
108.76 (3) 
111.95 (3) 
109.35 (3) 
108.14(3) 
112.47 (3) 
116(4) 

122.8 (3) 

116.3 (2) 
118.7(18) 
118.5 (18) 
123.1 (2) 
116.0(2) 
119.8(16) 
117.1 (16) 
119.8(3) 
119.6(3) 
120.7 (3) 
117.7(2) 

123.9 (3) 

118.4 (2) 

121.4 (3) 

121.5 (3) 
116.6(2) 
119.5(2) 
123.9 (2) 
119.6(2) 
119.1 (2) 
124.4 (3) 
118.1 (2) 
117.9(2) 

124.0 (2) 

119.4 (2) 

119.5 (2) 

121.1 (2) 
120.00 
120.00 
120.00 
120.00 
120.00 
120.00 



C17— H17 
C18— H18 
C20— H20 
C21— H21 
C23— H23 
C24— H24 
C25— H25 

C8— C7— H7 
C8— C9— H9 
CIO— C9— H9 
C9— CIO— H10 
Cll— CIO— H10 
N12— Cll— Hll 
CIO— Cll— Hll 
N15— C16— C17 
C16— C17— C18 
C17— C18— C19 
C18— C19— C28 
CI 8— CI 9— C20 
C20— CI 9— C28 
CI 9— C20— C21 
C20— C21— C22 
C21— C22— C27 
C23— C22— C27 
C21— C22— C23 
C22— C23— C24 
C23— C24— C25 
N26— C25— C24 
C22— C27— C28 
N26— C27— C28 
N26— C27— C22 
CI 9— C28— C27 
N15— C28— C19 
N15— C28— C27 
N15— C16— H16 
C17— C16— H16 
C18— C17— H17 
C16— C17— H17 
C17— C18— H18 
C19— C18— H18 
C21— C20— H20 
CI 9— C20— H20 
C20— C21— H21 
C22— C21— H21 
C22— C23— H23 
C24— C23— H23 
C23— C24— H24 
C25— C24— H24 



0.9300 
0.9300 
0.9300 
0.9300 
0.9300 
0.9300 
0.9300 

119.00 

120.00 

120.00 

120.00 

120.00 

118.00 

118.00 

120.3 (2 

118.9(2 

120.9 (2 

117.8 (2 

123.9(2 

118.3 (2 

121.0 (2 
121.6(2 

119.3 (2 

117.1 (2 

123.6 (2 
119.6(2 
118.9(2 

124.7 (3 

118.8 (2 

117.4 (2 
123.8 (2 
121.1 (2 
119.0(2 
119.9(2 
120.00 
120.00 
121.00 
121.00 
120.00 
120.00 
120.00 
120.00 
119.00 
119.00 
120.00 
120.00 
121.00 
121.00 
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C5 — C6 — H6 


119.00 




N26 — C25 — H25 


118.00 


C7 — Co — H6 


119.00 




C24 — C25 — H25 


118.00 


C6 — C7 — H7 


119.00 








C 1 4 — N 1 — C2 — C3 


-0.6 (4) 




f • q /" < 1 a /" ^ 1 1 

C8 — C9 — C 1 0 — C 1 1 


1.0(4) 


C2 — Nl — Cl4 — Cl3 


-179.7 (2) 




C9 — CIO — Cll — Nl2 


0.2 (4) 


/- < ^> "KT1 /~i 1 ^ f ' £ 

C2 — N 1 — C 1 4 — 05 


0.3 (4) 




C8 — C13 — C14 — C5 


-2.4 (3) 


Oil — N12 — C13 — C14 


1 ^ a 1 

-179.1 (2) 




XT 1 ^ /"" ■• 1 -) /— i 1 /i /—1 C 

N 1 2 — C 1 3 — C 1 4 — C5 


177.2 (2) 


Cll — N12 — C13 — C8 


0.5 (3) 




f ^ 0 /— 1 1 -) /— 1 1 >l XT 1 

C8 — C 1 3 — C 14 — N 1 


177.6 (2) 


C13 — N12 — Cll — CIO 


-0.9 (4) 




\t 1 <-\ r ■< 1 -) /— ( 1 ^ XT 1 

N12 — C13 — C14 — Nl 


-2.7 (3) 


C16 — N15 — C28 — C27 


177.3 (2) 




XT 1 C I / /-< 1 -7 /- < 1 0 

N15 — C16 — C17 — C18 


A H / A \ 

0.7 (4) 


C2 8 — N 1 5 — C 1 6 — C 1 7 


1.0(4) 




z" 1 1 £. / ^ 1 "7 /" 1 0 /" " 1 f\ 

CI 6 — C17 — CI 8 — C19 


-1.4 (4) 


C16 — N15 — C28 — C19 


-1.9 (3) 




f~< 1 -7 /*— 1 1 0 /~1 1 A /" • O 

C 1 7 — C 1 8 — C 1 9 — C2 8 


0.6 (4) 


C25 — N26 — C27 — C28 


-179.4 (2) 




C 1 7 — C 1 8 — C 1 9 — C20 


-178.3 (2) 


C25 — N26 — C27 — C22 


0.0 (3) 




C20 — C 1 9 — C28 — C27 


0.8 (3) 


C27 — N26 — C25 — C24 


-0.3 (4) 




C 1 8 — C 1 9 — C20 — C2 1 


178.7 (2) 


N 1 — C2 — C3 — C4 


0.6 (4) 




C28 — C 1 9 — C20 — C2 1 


-0.1 (4) 


C2 — C3 — C4 — C5 


-0.3 (4) 




CI 8 — C19 — C28 — C27 


-178.2 (2) 


C3 — C4 — C5 — C14 


0.0 (4) 




C20 — C 1 9 — C2 8 — N 1 5 


1 CI A A \ 

180.0 (2) 


C3 — C4 — C5 — Co 


178.5 (3) 




C 1 8 — C 1 9 — C2 8 — N 1 5 


l.l (3) 


f ' A r^C z' M /I XT 1 

C4 — C5 — C14 — Nl 


0.0 (4) 




C 1 9 — LzO — Cz 1 — Lzz 


f\ C 1 A\ 

-0.5 (4) 


C4 — C5 — Co — C7 


-177.5 (3) 




C20 — C2 1 — C22 — C23 


-179.0 (2) 


C14 — C5 — Co — C7 


1.0 (4) 




C20 — C21 — C22 — C27 


0.5 (4) 


C4 — C5 — C 1 4 — C 1 3 


-180.0 (2) 




C23 — C22 — C27 — N26 


0.3 (3) 


Co — C5 — L 14 — C 1 3 


1.5 (3) 




/~<m mo/- 

C2 1 — C22 — C27 — N26 


-179.2 (2) 


Co — C5 — Cl4 — Nl 


-178.6 (2) 




C2 1 — C22 — C27 — C28 


0.2 (3) 


C5 — C6 — C7 — C8 


-2.4 (4) 




C23 — C22 — C27 — C28 


179.7 (2) 


C 6 — C 7 — C 8 — C 9 


-177.8 (3) 




L21 — C22 — C23 — C24 


1 T A 1 /I \ 

179.1 (2) 


C 6 — C7 — C 8 — C 1 3 


1 /I /A \ 

1.4 (4) 




r~*^tn r^nyi 

C27 — C22 — C23 — C24 


-0.5 (3) 


f7 r o ro pin 


1 / / .o ^jj 




P99 CTi CIA 




C9— C8— C13— N12 


0.6 (3) 




C23— C24— C25— N26 


0.2 (4) 


C7— C8— C13— N12 


-178.6(2) 




N26— C27— C28— N15 


-0.6 (3) 


C9— C8— C13— C14 


-179.7(2) 




C22— C27— C28— C19 


-0.8 (3) 


C7— C8— C13— C14 


1.0(3) 




N26— C27— C28— C 1 9 


178.6 (2) 


CI 3— C8— C9— CIO 


-1.4(4) 




C22— C27— C28— N15 


-180.0(2) 


Hydrogen-bond geometry (A, ") 


D — H—A 




D — H 


U-A D-A 


D — H—A 


Nl — HI— 01' 




0.74 (3) 


2.01(3) 2.711(4) 


158(2) 


01— HL4-C11 




0.80 (4) 


2.44(4) 3.231 (3) 


172 (3) 


01— H15-C12" 




0.73 (3) 


2.82(4) 3.317(3) 


128 (4) 


N15— H15-C13 




0.83 (3) 


2.50(2) 3.225 (2) 


146 (2) 


C3— H3-C12 111 




0.93 


2.80 3.728 (3) 


172 


C24— H24-C12™ 




0.93 


2.74 3.629 (3) 


160 


Nl— H1-N12 




0.74 (3) 


2.42 (2) 2.737 (3) 


107 (2) 


N15— H15-N26 




0.83 (3) 


2.41 (2) 2.731 (3) 


104 (2) 


Symmetry codes: (i) x+l/2, -y+3/2, z; (ii) x-l/2, -y+l/2, z; ( 


iii) -x, -y+2, 


-z+1; (iv) -x+l/2, y-\l2, -z+2. 
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